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ABSTRACT. This paper empirically explores various efficiency aspects of real estate and 
construction companies in Iran in light of their remarkable growth in recent years. the tech-
nique used to measure the efficiency is DEA and the sample is taken from the construction 
and real estate companies in Iran. results from our analysis reveal that most of the real estate 
and construction companies in Iran are generally technical, scale and mix efficient. How-
ever, they are less cost efficient due to increasing higher cost of production. The sensitivity 
analysis results also suggest that the real estate and construction companies are experiencing 
diseconomies of scale. as Iran is an underdeveloped market and is currently one of the most 
interesting frontier markets in the world, this research contributes substantially to investors 
and multinationals (who have growing desire to gain exposure in this market) by providing 
current information about the efficiencies of real estate and construction companies in Iran. 
In addition, this research also provides some institutional voids on how to penetrate market 
environment in Iran through real estate development. 
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billion rials in 2008. the large development of 
this sector is profoundly due to urbanization 
and population growth which have created 
high demand for land and residential proper-
ties2. 
the development in the Iranian property 
market has drawn the attention of most stock 
market investors to the property securities. 
as a result, the property price index increased 
and the property stock holders benefited over 
the period of 2008-2010 (see figure 1). 
1. INTRODUCTION 
real estate and construction industry is an 
important pillar of Iran’s economy. a recent 
statistics provided by GMID (2011) indicates 
that real estate and construction sector con-
tributed about 17 percent of Iranian gross 
Domestic Product (GDP) over the period of 
1995-2009. Moreover, private sector invest-
ment in buildings in urban areas increased 
from 7,555.4 billion rials1 in 1995 to 313,728.6 
1 Iranian currency is the rial. exchange rate is around 
uS$1 = rials 12000 as of february 2012.
2 consumer expenditure on housing is by far the high-
est compared to other categories of household expen-
ditures, taking a 30% share (GMID, 2011).
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given the importance of this sector for 
portfolio investors in Iran, there are two fun-
damental questions for them to be answered. 
(1) How do listed real estate and construction 
companies perform in terms of technical efficien-
cy and cost efficiency? (2) Can a company be both 
cost and technical efficient? These two ques-
tions are important as they provide insights to 
foreign investors who want to tap into the un-
derdeveloped market of Iran which has huge 
potential. to answer these questions we apply 
Data Envelopment Analysis (DEA) which is a 
non-parametric technique to estimate the effi-
ciency of the Iranian listed real estate and con-
struction companies. DEA has the advantage 
of not requiring assumptions about functional 
form or the properties of a random error term; 
rather efficiency is measured for each firm by 
constructing dominating or reference sets of ef-
ficient firms in the industry.
our paper contributes to the literature 
and provides some implications for portfolio 
investors and companies’ managers. firstly, 
most studies in this area cover united States, 
Western Europe, Hong Kong and China real 
estate markets. Since findings for these 
countries might not be directly transferable 
to a Middle eastern country such as Iran, 
therefore, more work is necessary to obtain a 
clearer picture of real estate and construction 
companies’ performance in the Middle east 
region. In fact, our findings provide an insight 
into a market which is under-researched. Sec-
ondly, while the DEA application to real es-
tate efficiency context may not be new, past 
researches had primarily focused within the 
internal operational analysis; in contrast, our 
study had discriminated against various ef-
ficiency sources which further connote the 
overall cost competitiveness of the organiza-
tions. Thirdly, our findings provide some im-
plications for Iranian and potential foreign 
investors to make necessary investment de-
cisions. Finally, the results would be benefi-
cial for top managers of listed real estate and 
construction companies to adopt appropriate 
policies to enhance their efficiency. This will 
help to sustain the real estate and investment 
market in the long run. 
the rest of the paper is organized as fol-
lows. Section 2 reviews relevant literature. 
Section 3 explains the DEA technique, data 
and data sources. Section 4 presents empiri-
cal analysis. Section 5 discusses the obtained 
results. Section 6 presents the sensitivity 
analysis and managerial implications and 
finally Section 7 makes some concluding re-
marks. 
Figure 1. return on Market Price Index (tePIX) and return on  
Property Stock Price Index (ProPerty)
Source: Iran’s tehran Stock exchange
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2. LITERATURE REVIEW
this section of paper intends to survey 
some of the previous researches which are rel-
evant to our study. using data for the years 
1992-1996 and applying DEA, Anderson et al. 
(2002) measured technical efficiency and econ-
omies of scale for real estate investment trusts 
(reIts). they found that reIts are techni-
cally inefficient (a result of both poor input 
utilization and failure to operate at constant 
returns to scale). Moreover, their results sug-
gested that many reIts could increase perfor-
mance through expansion. Bers and Springer 
(1997) investigated economies of scale in u.S. 
REITs for the years 1992-1994. Their findings 
showed the existence of significant scale econ-
omies, suggesting that gains in productivity 
can be realized through expansion. By using 
panel data and applying DEA approach, Miller 
and Springer (2007) found no evidence of scale 
economies and some evidence of scale disecon-
omies for publicly traded reIts. Similarly, 
Miller et al. (2006) showed that the estimated 
returns to scale for publicly traded reIts do 
not support economies of scale. Zheng et al. 
(2011) employed three frontier-based DEA ap-
proaches to evaluate the operational efficiency 
of listed real estate companies in china’s stock 
markets. their results suggested that most 
of the inefficient companies could further in-
crease their operating efficiency through scale 
expansion. In another study, Wang and Wang 
(2009) evaluated the operating performance 
of chinese listed real estate companies. they 
found that efficiency of China’s real estate in-
dustry is largely affected by the macroeconom-
ic factors. By applying DEA approach, Topuz 
et al. (2005) empirically examined the u.S. 
REITs’ operating efficiency. They found that 
REITs suffer substantial average inefficiency 
over the period (1989-1999). furthermore, 
their results showed that most reIts experi-
ence significant scale inefficiencies. Using a 
translog cost function, Pan and yang (2010) 
investigated scale economies for chinese real 
estate industry over 2004-2008. their analysis 
revealed that scale economies exist in chinese 
real estate industry. Moreover, they found that 
the impact of scale economies is greater for 
smaller companies and non-state-owned ones. 
Hui et al. (2007) examined the performance 
of Hong Kong’s property companies, and how 
well they do in comparison with Singapore 
property companies. Their findings pointed out 
that those Hong Kong’s property companies 
that diversify their business investments could 
achieve relatively better economic performance 
in comparison with those focused solely in real 
estate. furthermore, they found that property 
companies in Hong Kong achieved higher rate 
of returns on their capital invested than Sin-
gapore property companies. In their study on 
the investment performance of listed property 
and construction companies in nigeria, ab-
dul-rasheed and tajudeen (2006) found that 
these companies do not perform better than 
stock market due to a declining profit margin. 
Moreover, their results showed that these com-
panies offer diversification possibilities due to 
their low correlation with the stock market.  
Wang and Chau (2001) applied DEA to 
evaluate technical efficiency in the construc-
tion industry of Hong Kong during 1981-1996. 
their results showed an increasing trend in 
average technical efficiency. Moreover, they 
found that the higher technical efficiency ra-
tios come from those construction firms with 
larger size, less intensive capital, a lower de-
gree of subcontracting, and a lower proportion 
of intermediate input consumption. you and 
Zi (2007) analyzed three different types of ef-
ficiency for the Korean construction industry 
for the period 1996 to 2000. By utilizing the 
DEA method, their results show that efficiency 
measures decreased significantly during the 
period 1996 to 2000 and that there were large 
differences over the period before and after 
the 1997 economic crisis. furthermore, they 
found that the low level of cost efficiency of the 
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Korean construction industry was largely due 
to allocative inefficiency. Horta et al. (2011) 
evaluated the financial performance and com-
petitive environment of the construction in-
dustry in Portugal between 1996 and 2007. 
Using DEA and complemented with boot-
strapping, they found that the performance of 
Portuguese construction companies increased 
during the period of study. Moreover, their re-
sults showed that large companies and small 
specialized companies could achieve the best 
performance levels. their results of the as-
sessment also suggested that the innovators 
are companies with high profitability. Tsolas 
(2011) evaluated the profitability and effective-
ness of 16 Greek-listed construction firms. By 
using a new framework that integrates DEA 
and ratio analysis, he showed that there is a 
positive link between profitability efficiency 
and effectiveness. Moreover, his results point-
ed out both efficiency and effectiveness driv-
ers are related to the operational space of the 
construction firms. Based on the field data col-
lected from 74 construction firms, El-Mashaleh 
et al. (2007) proposed benchmarking models 
to analyze and critique both the performance 
measures and metrics used traditionally in the 
construction industry and the benchmarking 
models that had been developed for the indus-
try. Their findings suggested some implica-
tions how resources should be reallocated to 
improve overall construction companies’ per-
formance. Similarly, yang et al. (2010) sum-
marized the recent performance measurement 
research studies in construction and provided 
a comprehensive performance measurement 
model for the construction industry. 
It is apparent from the literature that al-
though numerous studies have attempted to 
assess real estate and construction companies’ 
efficiency in the West and China, to our knowl-
edge, none of the previous studies has focused 
on assessing efficiency of Iranian real estate 
and construction companies. therefore, this 
research aims to address this shortcoming.
3. TECHNIQUE AND DATA
3.1. DEA
Data Envelopment Analysis (DEA) is a 
mathematical programming technique that 
calculates the relative efficiencies of multiple 
decision-making units (DMUs) and is suitable 
to be used in measuring real estate efficiency 
because it can handle multiple inputs and out-
puts. further, it does not require prior unre-
alistic assumptions on the variables, and ex-
plores and identifies the underlying causes of 
the inefficiencies. DEA has been used success-
fully in evaluating the performance of many 
different types of entities in many different 
contexts e.g., in health care systems (Hollings-
worth, 2008; ozcan, 2008), banking (cummins 
et al., 2010; Siriopoulos and tziogkidis, 2010), 
public services (odeck, 2008; Seol et al., 2008); 
and also other interesting applications such as 
olympic games (Wu et al., 2009) and macro-
economic policies (Shi et al., 2010).
The reasons of adopting DEA in our study 
are as follows. First, DEA has shown to per-
form well in empirical analyses. cummins and 
Zi (1998) showed that DEA scores had high 
correlations with conventional performance 
measures compared to econometric models. 
Secondly, DEA also has the advantage of al-
lowing for the relatively easy decomposition of 
cost efficiency into pure technical, scale and al-
locative efficiency as will be discussed in more 
details in following subsections. 
DEA, being an extreme point technique 
where the efficiency frontier is formed by the 
actual performance of best performing compa-
nies, the efficiency scores are highly sensitive 
to small errors in measurement. When sample 
size is small, it would result in a large propor-
tion of companies having an efficiency score of 
1. In this paper, we will effectively circumvent 
this problem by introducing a virtual company, 
which at the same time also helps to do a full 
ranking of the DMUs in the efficiency dimen-
sions. It is also important to highlight that 
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before running the DEA models, data trans-
formation has to be carried out as part of the 
requirement of using DEA technique. Later, 
section 3.1.1 will illustrate an example of data 
transformation. 
to ease the understanding of the readers, 
we provide a section to explain the foundation 
of DEA technique. 
Foundations of DEA technique
Efficiency measurement in DEA can be con-
sidered in terms of the optimal combination of 
inputs to achieve a given level of output (an 
input-orientation), or the optimal output that 
could be produced given a set of inputs (an 
output-orientation). DEA concept is based on 
the distance functions concept of measuring ef-
ficiency. Farrell (1957) introduced the concept 
of measuring efficiency based on distance func-
tions D(y,x) i.e., the distance of a given firm’s 
output-input vector (y,x) from the best practice 
production frontier. Intuitively, the firms that 
operate with the minimum amount of input 
needed to produce their quantity of output are 
deemed efficient, while those that are not, are 
the vice versa. therefore, the operating points 
of fully efficient firms, D(y,x) = 1, lie on the 
frontier; where else, inefficient firms lie outside 
of the frontier e.g., in the case judging efficient 
as using the minimum amount of input to pro-
duce the required output, the points will lie on 
the right of the frontier D(y,x) > 1, indicating 
that they could reduce their input consumption 
while producing the same quantity of output. 
this point suggests that the production 
function of the efficient firms must be known, 
but, in practice, this is not the case. from 
there on, farrell (1957) suggested that the pro-
duction frontier can be estimate via (a) a non-
parametric piecewise-linear convex isoquant 
constructed to envelop all the points, or (b) a 
parametric function, such as the Cobb-Douglas 
form fitted to the data.
DEA is the non-parametric approach to 
frontier estimation, i.e., the type (a) method of 
constructing the frontier. DEA utilizes math-
ematical programming, and is best presented 
in ratio form (charnes et al., 1978). With refer-
ence to our research, the objective of the basic 
DEA model is to maximize the efficiency value 
of the real estate and construction companies 
under consideration via the selection of opti-
mal weights associated with each input and 
output factor. for evaluating the efficiency 
value of a real estate company j, in considera-
tion of s outputs and m inputs, the ratio model, 




































where: yio represents the level of output fac-
tor i { }( )1, 2, ,i s∀ ∈   and xjo represents the 
level of input factor j { }( )1, 2, ,j m∀ ∈   . In 
addition, vio represents the weight assigned for 
output factor i and ujo represents the weight 
assigned for input factor j. vo and uo are s and 
m dimensional weight vectors representing the 
collection of vio and ujo weights. Both of these 
vectors are non-negative. 
The output of the model i.e., the efficiency 
value, enables firms to assess their relative 
efficiencies compared to other firms. The effi-
ciency value provides insight into the relation-
ship between how resources are expended and 
the relative success of outcomes. In addition, 
efficiency value allows for the measurement of 
the impact of certain technological and mana-
gerial factors on overall firm performance. In 
some cases, efficiency value is also able to de-
termine the return on investment associated 
with specific firm action.
Next, various DEA models will be dis-
cussed; the intention of discussion is to explain 
the various DEA models and the corresponding 
efficiency scores as to what they represent in 
an organizational context. as such the math-
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ematical formulation and the technical portion 
will be brief, readers are advised to refer to ali 
and Seiford (1993) and charnes et al. (1978) 
for more details of the technique.
3.1.1. Models forms and efficiency scores
The efficiency models used in our assess-
ment of real estate and construction compa-
nies include the technical efficiency and scale 
efficiency model, slack based efficiency and 
mix efficiency model, cost and allocation effi-
ciency model.
3.1.1.1. Technical efficiency and scale 
efficiency models
note that from the above nonlinear pro-
gram, after linearized through a change in 
coefficients, the linearized dual form of the 
model is typically known as the ccr model (or 
envelopment model). this ccr model is typi-
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where: qCCR is the dual variable to be mini-
mized and l is a vector in Kn comprising of 
the scalars lk { }( )1, 2, , .k n∈   from the or-
ganizational context, this CCR efficiency is 
equivalent to one minus the equi-proportional 
reduction in all input that still allows produc-
tion of the same output. thus, it follows that 
0 < qCCR ≤ 1. Technical efficiency simply 
means how efficient are the firms in trans-
forming their inputs (e.g., natural resources) 
into outputs (e. g., goods and services) with-
out waste. It logically determines whether a 
firm or DMU (Note: in this paper, DMUs are 
the Iranian listed real estate and construction 
companies) can achieve the same or more out-
put while requiring less input. If more output 
with less input can be achieved, the DMU/firm 
being evaluated is judged to be relatively inef-
ficient; and vice versa.
Example of data transformation
In the presence of negative data in DEA 
evaluation, the values would need to be trans-
formed by adding the smallest positive val-
ues b that would make the data positive (i.e., 
greater than zero). For example, if the profit 
data yik for three DMUs were –1000, –50, 
300 and b was set to 1010. Hence, the trans-
formed values ˆik iky y= + β  would be 10, 960 
and 1310. note that the transformed values 
are sufficiently significant to represent positive 
profit values. Due to the translation invariance 
characteristic of DEA, values transformation 
will not affect the relative efficiencies of the 
DMUs. Transformation of data would require 
the modification of the envelopment model 
to enable a variable return to scale frontier. 
therefore, a convexity constraint is added to 
(2), as shown in the model below, which is 
known as the VrS model. VrS model allows a 
variable return to scale in contrast to the crS 
model which uses a constant return to scale, 
i.e, assuming that all firms will be operating 
at an optimal scale. the real environment 
which exerts imperfect competition, govern-
ment regulations, and constraints on finance 
may not allow firm to operate at the optimal 
scale. Hence, VRS would be more appropriate 
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as the difference between (2) and (3) lies 
in the scale assumption (the prior is constant 
return to scale, while the later is variable re-
turn to scale), hence, the scale efficiency can be 
obtained through (4).
(Se) = * *CCR VRSθ θ . (4)
from the managerial context, the scale ef-
ficiency indicates to the firm how efficient it 
is with respect to the size of its operations. In 
other words, it addresses question i.e., is the 
firm in the “optimal size” to operate? 
3.1.1.2. Slack-based efficiency  
and mix efficiency model
from (3), the decision maker will under-
stand how efficient the firm in utilizing the 
input to produce an output. However, he/she 
may not know how efficient the inputs are be-
ing used collectively in producing the output. 
for example, given that the inputs are capital 
and number of employees, output is profit, the 
firm maybe technically efficient in maximiz-
ing the ratio of output over input; but in the 
process of achieving technical efficiency, there 
may be input excesses (e.g. some employees 
maybe idle), and output shortfalls (lower prof-
it than target level). Hence, another type of 
DEA model i.e., the slack-based efficiency can 
be used to address this problem. 
technically, the slack based model (SBM) 
is in non-radial form, which has relaxed the 
assumption from the te model that input-out-
put proportions remain unchanged; in other 
words, it no longer assumes that proportion-
ate increase (decrease) in any inputs will af-
fect a similar proportionate amount of increase 
(decrease) in the outputs (tone, 2001). this re-
laxation is valid because proportionality is not 
always true in actual practice. the SBM model 
is as follows
where: M represents the set of input factors; 
it is the norm or strict positive length or size 
of the inputs factors. is+  and js− are the slack 
variables associated with output deficits and 
input excesses respectively. s+ and s– vec-
tors comprising { }( )1, 2, ,is i s+ ∀ ∈   and 
{ }( )1, 2, , .js j m− ∀ ∈   note above is input ori-
ented that evaluates the optimal weight with-
out constraints on fixed input-output propor-
tions. 
the SBM model can be interpreted as the 
product of input inefficiencies (input excess) 
and output inefficiencies (output shortfall). In 
contrast to technical efficiency model which 
only discriminates between efficient and in-
efficient DMUs, SBM can further gauge the 
depth of inefficiency per se. From the SBM 
model, one can find an optimum input mix 
which minimized the input excesses of the 
test companies. Mix efficiency is then defined 
as the ratio of technical efficiency (TE) and 
SBM i.e. 
(Me) = * *SBM VRSθ θ . (6)
from the managerial perspective, mix ef-
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inputs that are used (or outputs that are pro-
duced) together. 
3.1.1.3. Cost efficiency and allocative 
efficiency model
In the assessment of productive efficien-
cies, cost and allocative efficiencies have also 
gained prominence. Particularly when cost or 
price data are present, managers are keen to 
know how to achieve lower costs in produc-
tion while keeping technical efficiency meas-
ure constant. as our data consist of operations 
costs, we can consider the behavioral objective 
which is cost minimization. The cost efficiency 
model is shown below:
(ce)
Allocative efficiency measures the ability 
to minimize costs using inputs in the optimal 
proportions given their relative prices. for ex-
ample, if one wants to know how well is the 
ability of managers in minimizing the cost to 
achieve technical efficiency, one needs to es-
timate the allocative efficiency. This measure 
is essential to gauge the impact of managerial 
factors on overall firm performance. 
Rankings of DMUs
Traditional DEA models do not allow the 
analyst to compare the units on the frontier, so 
it is not possible to fully rank all the samples. 
from the literature, there are several ways 
to address this problem i.e., a) using a virtual 
DMU; b) super efficiency and c) cross efficiency. 
In super efficiency, a DMU under evaluation is 
not included in the reference set of the envel-
opment models (andersen and Petersen, 1993). 
this allows possible expansion of all inputs (or 
contractions of all outputs) for a given unit i.e., 
how much all inputs can be increased, without 
being dominated by a linear combination of the 
other DMUs. The advantage of this method is 
its simplicity. The disadvantages are: firstly, 
each value (efficiency score which is used as 
the rank) is evaluated according to different 
weights; secondly, this method maybe bias i.e., 
it may gives “special” DMUs an excessively high 
rank (Sueyoshi, 1999); and thirdly, the results 
maybe infeasible if certain pattern of zero data 
occurs in the inputs and outputs (Zhu, 1996).
In cross efficiency evaluation method, the 
efficiency score for each DMU is calculated n 
times, using the weights obtained from the 
original DEA estimation (Doyle and Green, 
1994). the reason of doing this is to ascertain 
the effect of weights of the other DMUs has 
on the original DMU’s efficiency rating. An 
average cross efficiency score is then arrived 
from the re-estimation. note that the average 
cross efficiency scores would be lower than 
the original scores, as a DMU cannot have a 
cross efficiency score higher than the original 
where: jox  given by ,jo jo jox c x=  is the level 
of input factor scaled by the factor cost cjo for 
input factor j of test company o. jkx  is the 
level of input factor scaled by the factor cost 
cjk for input factor j of test company k given 
by jko jk jkx c x . x  is the vector comprising of 
{ }( )1, 2, , .jox j s∀ ∈   
from the managerial perspective, the cost 
efficiency model would aim to minimize cost 
associated with producing a given output. af-
ter the obtaining the cost efficiency, one can 
then calculate the allocative efficiency (AE) by 
dividing the technical efficiency from the cost 
efficiency as shown in (Eq. 8) below. The tech-
nical efficiency value is obtained from (3) and 
substituted into (8) as follows. 
(ae) = 
* *
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DEA scores, as this shows each DMU in its 
best possible light. the advantage of using the 
cross efficiency method is that it helps elimi-
nate the weighting structure problem in DEA 
i.e., sometimes most of the weight in a ratio 
is placed on a single variable, with the rest 
being given near zero weights. Cross efficiency 
utilizes the weights of all the units equally; 
in other words, all the DMUs are evaluated 
with the same sets of weight vectors. never-
theless, this is also the drawback of the tech-
nique, since the evaluation subsequently loses 
its connection to the multiplier weights (adler 
et al., 2002).
On the other hand, in virtual efficiency, a 
virtual efficient DMU is introduced and includ-
ed with the rest of existing DMUs. This will 
ensure that there is only one efficient DMU 
with all the other real DMUs being inefficient, 
in other words, the other real DMUs are pe-
nalized for not operating at the same scale of 
efficiency. This approach serves to rank all 
the DMUs. According to Bazargan and Vasigh 
(2003), this ranking is justified because the 
same virtual DMU is used for all DMUs as the 
reference set. the advantages of using virtual 
efficiency are improving discrimination power. 
Its limitation is it may cause inconsistency as 
it penalizes all other DMUs for not operating 
at the same scale efficiency or using similar in-
put proportions and the degrees to which each 
input factor is penalized may differ. 
In this paper, we will use virtual efficiency 
to obtain a full ranking of the DMUs as this 
method has been proven its consistency in 
Martin and roman (2006). Subsequently, in 
section 4, we will conduct a statistical compar-
ison of the rankings using virtual efficiency, 
super efficiency and cross efficiency to provide 
validity of the results. results of comparison 
are attached in appendix a.
3.2. Data descriptions
To assess the efficiency of Iranian real es-
tate and construction companies, we use data 
for the years 2009 and 2010, obtained from 
tehran Stock exchange. there are altogether 
12 companies to be analyzed. according to go-
lany and roll (1989), liu (2005) and Sarkis 
(2007), the number of DMUs should be at least 
twice of the total number of input and output 
factors considered when applying the DEA 
model.
The first and very crucial step in conduct-
ing a DEA analysis is the determination of 
inputs and outputs. In order to choose the 
variables, we follow the production procedure 
whereby the real estate and construction com-
panies are assumed to produce services by per-
forming transactions. Hence, physical inputs 
(labor and capital) and costs are used as inputs 
(Zheng et al., 2011). In addition, total assets 
value is also considered as input because this 
variable exhibits lower variance and yields 
more consistent results due to its high cor-
relation with market capitalization. outputs 
were chosen to be profit and revenue. These 
outputs are particularly suitable for analyz-
ing real estates and construction companies’ 
efficiency as they critically depends on mana-
gerial decisions (topuz et al., 2005). the de-
scriptive statistics of input and output factors 
of the selected real estate and constructions 
companies are given in table 1. 
4. EMPIRICAL ANALYSIS
4.1. Efficiency results without virtual 
company 
The detailed DEA efficiency results during 
the period 2009-2010 are presented in table 2. 
(Note: A DEA model is run for each time pe-
riod analyzed). With the exception of Sar 
toosgostar in 2009 (te = 0.424) and nosazi 
va Sakhteman in 2010 (te = 0.590), however, 
the efficiency scores of other DMUs are suf-
ficiently close to 1. This possibly could be due 
to random errors rather than true inefficiency. 
For scale efficiencies, all companies register 
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Table 1. Descriptive statistics for the data
year 
2009
factors Min Max Mean Std. Dev Skewness Kurtosis
Inputs registered capital (Million 
rials)
54700 1090296 440352 397778.29 0.78 –1.23
asset value (Million rials) 189936 6171082 2036746 2309473.02 0.96 –0.86
operation costs (Million rials) 4580 1277188 354940 457124.98 1.13 –0.24
employee number (person) 12 175 49 44.10 2.36 6.64
outputs revenue (Million rials) 8288 2525204 611073 875350.95 1.42 0.70
Profit (Million Rials) –25512 1015287 210910 354387.47 1.70 1.72
year 
2010
factors Min Max Mean Std. Dev Skewness Kurtosis
Inputs registered capital (Million 
rials)
54700 1500000 547438 561148.46 0.93 –0.89
asset value (Million rials) 180193 6908207 2348867 2688343.88 0.93 –0.98
operation costs (Million rials) 11234 1379070 398785 490581.48 1.14 –0.01
employee number (person) 9 249 56 63.57 2.93 9.42
outputs revenue (Million rials) 18135 1955572 606756 763910.36 1.03 –0.68
Profit (Million Rials) –23507 1036906 270530 379476.61 1.08 –0.38
a score of near unity in year 2009. However, 
in 2010, two companies i.e., Sakht azhand 
and Sakhteman Isfahan recorded a slight de-
crease in their scale efficiencies. In general, 
technical and scale efficiencies among the real 
estate and construction companies are consist-
ent, the values are above 0.5 except for Sar 
toosgostar (= 0.424 in 2009). this suggests 
that the Iranian real estate and construc-
tion companies are capable in adjusting their 
scale of operations with minimal impact on its 
corresponding production function. our data 
showed that in 2009, 50% of the companies 
exhibit constant return to scale (crS), 33.3% 
increasing return to scale (IrS) and 16.7% de-
creasing return to scale (DRS). In 2010, there 
is marked increase in the companies’ scale 
expansion, where 42.7% of the companies are 
operating at IrS, and 58.3% operating at crS. 
this inferred that the real estate and construc-
tion companies are still under the rapidly de-
veloping state. 
On the other hand, high mix efficiency im-
plies that the company is flexible in chang-
ing its input proportions. this is important 
because input flexibility reduces the compa-
ny’s reliance on specific inputs and cushions 
it against unexpected shock in demand or 
price. Sar toosgostar reports an exceptionally 
low SBM efficiency in 2009 but subsequently 
improves and achieves full SBM efficiency in 
2010. Similar trend is observed in Sar Mas-
kan. Sakhteman Isfahan’s and Sar Saman-
gostar Isfahan’s mix efficiency scores are 
generally acceptable, fluctuating in a narrow 
range between 0.52 to 0.68. as for nosazi va 
Sakhteman, a sharp increase of approximately 
33.3% in the employment of workers between 
2009 and 2010 has led to a fall in its mix ef-
ficiency in the subsequent year. All the other 
companies achieve maximum mix efficiencies 
throughout the study period. 
In terms of cost, toseh Sakhteman, Sar 
azarbayaejan and Shahed are shown to be the 
only real estate and constructions companies 
that have achieved full cost efficiency through-
out 2009-2010. the other companies are quite 
lack behind in terms of cost efficiency. The cost 
effectiveness is not very positive considering 
the increasing cost for production factor- labor 
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Table 2. Iranian real estate and construction companies DEA efficiency results without virtual company, 
2009-2010










qVrS (qccr/qVrS) (qSBM/qVrS) (qce/qVrS)
2009 abadgaran 1.000 (4) 1.000 (4) 1.000 (4) 0.391 (9) 0.391 (10)
toseh 
Sakhteman
1.000 (4) 0.964 (9) 1.000 (4) 1.000 (2) 1.000 (2)
nosazi va 
Sakhteman 
0.958 (8) 0.951 (10) 0.730 (8) 0.439 (8) 0.458 (8)
omran fars 1.000 (4) 1.000 (4) 1.000 (4) 0.683 (4) 0.683 (6)
Sakht azhand 1.000 (4) 1.000 (4) 1.000 (4) 0.547 (7) 0.547 (7)
Sakhteman 
Isfahan




0.744 (11) 0.899 (12) 0.606 (10) 0.640 (5) 0.860 (4)
Sar 
azarbayaejan
1.000 (4) 1.000 (4) 1.000 (4) 1.000 (2) 1.000 (2)
Sar toosgostar 0.424 (12) 0.978 (8) 0.305 (12) 0.143 (12) 0.337 (11)
Sar Maskan 0.774 (10) 1.000 (4) 0.626 (9) 0.593 (6) 0.766 (5)
Shahed 1.000 (4) 1.000 (4) 1.000 (4) 1.000 (2) 1.000 (2)
Sar 
Sakhteman
1.000 (4) 1.000 (4) 1.000 (4) 0.233 (11) 0.233 (12)
2010 abadgaran 1.000 (5) 1.000 (4) 1.000 (5) 0.565 (8) 0.565 (9)
toseh 
Sakhteman
1.000 (5) 1.000 (4) 1.000 (5) 1.000 (2.5) 1.000 (2.5)
nosazi va 
Sakhteman
0.590 (12) 0.808 (10) 0.488 (12) 0.348 (11) 0.590 (8)
omran fars 1.000 (5) 1.000 (4) 1.000 (5) 0.536 (10) 0.536 (12)
Sakht azhand 1.000 (5) 0.591 (12) 1.000 (5) 0.547 (9) 0.547 (10)
Sakhteman 
Isfahan




0.783 (10) 0.918 (9) 0.675 (10) 0.729 (7) 0.932 (5)
Sar 
azarbayaejan
1.000 (5) 0.953 (8) 1.000 (5) 1.000 (2.5) 1.000 (2.5)
Sar toosgostar 1.000 (5) 1.000 (4) 1.000 (5) 0.896 (5) 0.896 (6)
Sar Maskan 1.000 (5) 1.000 (4) 1.000 (5) 1.000 (2.5) 1.000 (2.5)
Shahed 1.000 (5) 1.000 (4) 1.000 (5) 1.000 (2.5) 1.000 (2.5)
Sar 
Sakhteman
1.000 (5) 1.000 (4) 1.000 (5) 0.786 (6) 0.786 (7)
note that the ranks are in parentheses. In the event of ties, the median rank is reported. for example, there are 
7 DMUs having the same score of 1, median is 4. The next following less efficient DMU i.e., the 8th DMU will be 
given rank 8 and so on, and if there is again a tie, rank 8.5 will be given to the next two DMUs. Median rank is 
used because it can provide a more uniform or fairer representation for the population.
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tions have raised the cost of doing business 
(e.g. increasing the cost of imported industrial 
goods) for all industries in Iran (gholipour 
et al., 2010).
Interestingly, the relationships between the 
cost, allocative and technical efficiencies can 
be observed by comparing figures 2 and 3. 
Though cost efficiency is the product of alloca-
tive and technical efficiencies, differences in 
cost efficiencies among the companies seem 
to be primarily attributable to allocative effi-
ciency. Companies that are more cost efficient 
and operations. While Sakhteman Isfahan 
is consistently rated as the low cost efficient 
(rank 10 in 2009 and 12 in 2010 respectively), 
of particular concern is company omran fars 
whose ranking in cost efficiency has fallen 
sharply from 4th position in 2009 to the 10th 
position in 2010. The low level of cost efficiency 
of these companies is largely due to the eco-
nomic and trade sanctions which have been 
imposed against Iran by numerous nations 
and multinational entities in recent year in 
relations to its nuclear program. the sanc-
Figure 2. Cost efficiency trend among real estate and construction companies in Iran
Figure 3. Allocative efficiency among real estate and construction companies in Iran
404 W. P. Wong et al.
are also more allocative efficient concurrently. 
though there may be a need for omran fars, 
Sakht azhand and Sakhteman Isfahan to re-
verse the fall of their allocative efficiencies 
from year 2009 to 2010, other companies are 
either improving or maintaining their ranks 
of allocative efficiency during the two years. 
However, there is room for improvement in al-
locative efficiency among many of the compa-
nies to achieve greater cost efficiency. 
4.2. Efficiency results with virtual 
company 
As can be seen from Table 2, 7 in 12 DMUs 
are considered efficient, this shows that the 
original DEA model is lacking of discrimina-
tion power. therefore, to overcome this prob-
lem, we use a DEA model with a virtual DMU. 
In this paper, we introduce a virtual com-
pany following other applications of DEA re-
search (Martin and roman, 2006), (note that 
this concept has not been adopted before in 
any of the real estate and construction litera-
ture) the sample set to allow a full ranking of 
all companies in these efficiency dimensions. 
Such a virtual company is assumed to be ca-
pable of producing the maximum output with 
the minimum input amongst the set of refer-
ence companies. this virtual company, as a 
superior performer, will always belong to the 
efficient set that forms the efficient frontier for 
which the efficiencies of all real companies are 
evaluated against. Inevitable, the actual com-
puted efficiency scores with the inclusion of 
the virtual (and perhaps unrealistic) company 
may not give a fair estimation of the efficiency 
level. Hence, efficiency results generated with 
virtual companies are typically used only for 
relative comparisons (or rankings) amongst 
the set of reference companies. note that it is 
clear that without using virtual company, it 
precludes DMUs from a full ranking. Appen-
dix a provided the statistical evidence on the 
validity of the results obtained using virtual 
company and the results showed that the vir-
tual method is robust and valid. 
from table 3, Sakht azhand, Sar azarbay-
aejan and omran fars are three companies 
that constantly perform equally well as the 
virtual company in terms of technical efficien-
cy. note that their rankings maintained at the 
top three level in the two years study period. 
While abadgaran climbed from 6th position in 
2009 to the 5th position in 2010, and Sar Sa-
mangostar Isfahan improved from 9th position 
to 8th position in 2010, the rankings of other 
companies on technical efficiency appear to be 
rather stable. nosazi va Sakhteman and Sar 
toosgostar are moderate performers in almost 
every year of the study horizon. Shahed, Sar 
Maskan and toseh Sakhteman take the last 
three positions. 
In terms of scale efficiency, Sakht Azhand 
and Sakhteman Isfahan are amongst the low-
est ranked companies owing to their large 
investments in capacity (e.g., labor). When 
demand falls, the large workforce cannot be 
contracted at short notice and wasteful under-
utilization may occur. Meanwhile, companies 
such as Shahed, Sar Maskan, Sar Sakhteman 
and toseh Sakhteman are seen to be most 
scale efficient. This set of scale efficient com-
panies however are not mix efficient, indicat-
ing that difficulties in the ability to change the 
proportions of their input usages may occur. 
Sar Samangostar is a moderate performer but 
omran fars’s performance is deteriorating. 
nonetheless, the rankings between nosazi va 
Sakhteman and Sar toosgostar are somewhat 
volatile across years. 
In terms of cost efficiency, Sar Azarbayae-
jan is the second highest ranked company in 
two consecutive years 2009 and 2010. this in-
dicates that the company managed to keep its 
cost of production (e.g., labor and operations 
costs) low amidst of fluctuation of prices. This 
result is also consistent with the results ob-
tained from the original model. Interestingly, 
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Table 3. Iranian real estate and construction companies DEA efficiency results with virtual company, 
2009-2010










qVrS (qccr/qVrS) (qSBM/qVrS) (qce/qVrS)
2009 abadgaran 0.654 (6) 0.058 (9) 0.443 (4) 0.353 (5) 0.540 (9)
toseh 
Sakhteman
0.057 (13) 1.000 (2) 0.037 (13) 0.053 (12.5) 0.928 (4)
nosazi va 
Sakhteman
0.370 (8) 0.142 (6) 0.174 (8) 0.177 (8) 0.477 (10)
omran fars 0.737 (4) 0.071 (8) 0.429 (5) 0.520 (4) 0.705 (5)
Sakht azhand 0.945 (3) 0.032 (12) 0.795 (2) 0.530 (3) 0.561 (8)
Sakhteman 
Isfahan




0.239 (9) 0.123 (7) 0.163 (10) 0.239 (7) 1.000 (2.5)
Sar 
azarbayaejan
0.969 (2) 0.054 (10) 0.645 (3) 0.969 (2) 1.000 (2.5)
Sar toosgostar 0.213 (10) 0.024 (13) 0.167 (9) 0.138 (9) 0.649 (7)
Sar Maskan 0.137 (12) 0.613 (4) 0.057 (12) 0.053 (12.5) 0.387 (12)
Shahed 0.185 (11) 0.821 (3) 0.080 (11) 0.073 (10) 0.397 (11)
Sar 
Sakhteman
0.667 (5) 0.245 (5) 0.188 (7) 0.049 (11) 0.073 (13)
2010 abadgaran 0.637 (5) 0.055 (9) 0.441 (6) 0.333 (6) 0.523 (10)
toseh 
Sakhteman
0.033 (13) 0.964 (4) 0.027 (13) 0.033 (12.5) 1.000 (2)
nosazi va 
Sakhteman
0.222 (9) 0.069 (8) 0.144 (9) 0.167 (9) 0.750 (6)
omran fars 0.890 (4) 0.030 (11) 0.559 (5) 0.490 (5) 0.551 (9)
Sakht azhand 0.999 (2) 0.010 (13) 0.796 (3) 0.500 (4) 0.501 (11)
Sakhteman 
Isfahan




0.225 (8) 0.113 (7) 0.158 (8) 0.225 (8) 1.000 (2)
Sar 
azarbayaejan
0.960 (3) 0.032 (10) 0.649 (4) 0.914 (2) 0.952 (4)
Sar toosgostar 0.195 (10) 0.262 (6) 0.131 (10) 0.130 (10) 0.668 (7)
Sar Maskan 0.118 (12) 0.998 (3) 0.047 (12) 0.033 (12.5) 0.283 (12)
Shahed 0.157 (11) 0.806 (5) 0.066 (11) 0.050 (11) 0.317 (13)
Sar 
Sakhteman
0.471 (7) 1.000 (2) 1.000 (2) 0.786 (3) 0.786 (5)
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a wide contrast in the efficiencies of Toseh 
Sakhteman and Shahed were observed using 
the model with virtual company. the original 
model showed that both companies were fully 
efficient in terms of cost efficiency as well scale 
efficiency in year 2009 and 2010. The outputs 
from the virtual model however, indicated, cost 
efficiency and scale efficiency of both compa-
nies do not necessarily behave well together. 
for instance, toseh Sakhteman in year 2009 
was ranked 2nd in terms of scale efficiency, 
but was ranked 12th in terms of cost efficiency. 
Similarly, Shahed was ranked 5th in terms of 
scale efficiency in year 2010, but was ranked 
11th for cost efficiency. The higher discrimina-
tion power of the virtual model does not only 
able to provide a full ranking for all compa-
nies in these efficiencies dimensions, but also 
able to provide additional insight that cost ef-
ficiency will somewhat offset scale efficiency. 
It seems that increases in scale of operation 
may allow exploitation of gains from cost ef-
ficiency for some firms. This has implications 
for the companies’ restructuring exercise; for 
example, the merger of the firms will result in 
increasing competitiveness of the real estates 
and construction companies in Iran.
In terms of allocative efficiency, Sar 
azarbayaejan, Sar Samangostar and toseh 
Sakhteman are among the highest ranked 
companies in year 2009 and 2010. the results 
are consistent with the outputs produced by 
the original model. However, in contrast to 
the original model, the higher discrimination 
power of the virtual model is able to provide 
a contrasting behaviour of toseh Sakheman 
for its cost and allocative efficiencies. It signi-
fied that cost and allocative efficiencies may 
not necessarily behave in a similar way for all 
firms. Note that though Toseh Sakhteman was 
ranked 12th in terms of cost efficiency in year 
2009, it was ranked 4th in terms of allocative 
efficiency in the same year. Similarly, in year 
2010, it had a rank of 13th in terms of cost 
efficiency, but was ranked 2nd for allocative 
efficiency. The results indicated that in some 
circumstances, offset between cost and al-
locative efficiency may happen. For instances, 
fluctuation in prices increases cost of opera-
tions, hence, this made the company perform 
badly in terms of cost efficiency. However, if 
the management is capable to make long term 
decisions to compensate for cost, e.g., the man-
agement takes drastic actions to reduce idle 
capacity and staff redundancies, thus this 
would lead to high allocative efficiency in the 
company. 
5. DISCUSSION
The importance of technical efficiency to the 
real estates and construction companies can-
not be understated owing to its implications 
on scale and mix efficiencies. From the DEA 
models presented in prior sections, we see that 
scale efficiency is defined as the ratio of CCR 
and VRS, whereas mix efficiency is the ratio 
of SBM and VRS efficiencies. Since SBM is al-
ways less than or equal to VrS, a real estate 
and construction company needs to be techni-
cally efficiency to achieve full scale efficiency. 
The attainment of full technical efficiency is 
bounded by many other considerations. for 
example, an expansion in the intangible re-
sources (e.g. labor) is indivisible. as it is not 
quite possible to fit the capacity (workforce) 
of the company exactly to the expected de-
mand, companies operating under congestions 
(constraints) may appear to be more efficient. 
Second, there is a time lag between the initial 
investments in resources e.g., workers need 
to undergo training before they are ready to 
contribute to service. Hence, the organization 
will need to implement its training in advance 
even though the early recruitment causes inef-
ficiency in the short term due to underutiliza-
tion. 
Of particular interest is the cost efficiency 
of the real estates and construction companies. 
Putting service issues aside, cost efficiency 
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determines the competitiveness of the com-
pany to a large extent. there appears to be 
a ‘resource or human specific’ effect in that 
companies having more labors are less cost 
efficient compared to those having less labor. 
The degree of allocative efficiency among these 
companies is also quite similar considerably. 
The significant connection between cost effi-
ciency and allocative efficiency highlights that 
the softer aspect such as good managerial 
judgment make a significant difference to the 
overall cost competitiveness of the real estate 
and construction companies.
finally, some disparities were observed 
between the rankings assigned to the compa-
nies with and without the virtual company. 
though, there are some drawbacks that cause 
the inconsistency in ranking results, e.g., the 
assumption that all other companies are oper-
ating at different input proportions and differ-
ent degree of penalization in each input factor. 
Despite these drawbacks, the ranking based 
on the assumption of the existence of an ef-
ficient virtual company has been justified in 
previous studies (Martin and roman, 2006). 
6. SENSITIVITY ANALYSIS AND 
MANAGERIAL IMPLICATIONS
As the technique of DEA is non-parametric 
and does not provide statistical means of the 
results, a sensitivity test using window analy-
sis (charnes et al., 1985) is undertaken. Win-
dow analysis allows for an assessment of the 
stability of relative efficiency scores over time 
by using a moving average analogue where a 
DMU in each different period is treated as if 
it was a ‘different’ DMU. Here, we consider a 
window length of one year and the results of 
the mean of each DMU are tabulated in Fig-
ure 4 for comparison. We used a radar chart 
to present the results for clearer and better 
illustration of the stability. 
following charnes et al. (1985) recommen-
dations, the efficiency scores from model (3) 
were chosen to run the window analysis. (note 
that this is also to eliminate random noise fac-
tors in the efficiency score). The mean of the 
efficiency scores over the time period of 2009 ~ 
2010 are abadgaran (1.000), toseh Sakhteman 
(1.000), nosazi va Sakhteman (0.774), 
Figure 4. Stability of relative efficiency scores using Window Analysis
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omran fars (1.000), Sakht azhand (1.000), 
Sakhteman Isfahan (0.708), Sar Samangostar 
Isfahan (0.764), Sar azarbayaejan (1.000), Sar 
toosgostar (0.712), Sar Maskan (0.887), Shahed 
(1.000) and Sar Sakhteman (1.000) respectively. 
Though there are some ripples in the efficien-
cy scores for Sar toosgostar, Sar Maskan and 
nosazi va Sakhteman over the time period, it 
can be seen that there is a fair amount of sta-
bility in the efficiency scores for all the other 
DMUs. Thus, the above evidence of stability in 
the industry growth lends credibility to the im-
plications drawn from the DEA results.
next, we further conduct sensitivity analy-
sis on each type of efficiencies. To do so, we 
need to calculate the changes in the efficiency 
using this formula: change = ((efficiency values 
in 2010 – efficiency values in 2009) / efficiency 
values in 2009)) × 100%. 
Positive percentage values indicate that 
there is an improvement in the respective 
category of efficiency. From Table 4, it was 
observed that among the significant improve-
ments were Sar toogostar (in all types of ef-
ficiencies) and Sar Sakhteman (in cost and al-
locative efficiencies). Taking on the overall ef-
ficiency changes, which is calculated based on 
the average of all types of efficiencies, all the 
companies recorded a marked improvement 
in the overall efficiency except for Nosazi va 
Sakhteman, omran fars and Sakhteman Is-
fahan. a common factor that pulled down the 
efficiency of these three companies is the neg-
ative changes encountered in scale efficiency. 
In addition, on the average, all types of effi-
ciencies improve from the previous years (see 
Table 4), except for scale efficiency. Scale effi-
ciency recorded a change of –6.99% in compari-
son with the previous year performance. Mix 
efficiency recorded a change of 21.02%, cost 
efficiency 70.73% and followed by allocative 
efficiency 43.02% in comparison to previous 
year’s performance. this indicates that while 
managerial efficiency in managing operations, 
input mix, cost and allocation of resources had 
improved, however, economies of scales has 
not been improving. Also, as cost efficiency is 
decomposed into technical and allocative effi-
ciency, high level of improvement in cost ef-
ficiency from year 2009 to 2010 is mainly due 
to allocative efficiency. Average technical effi-
ciency is ~9%, this implies that many firms in 
Iran failed to attain optimal cost-minimizing 
input mix during the year 2009–2010.
Table 4. Sensitivity analysis on efficiencies for each company
company technical Scale Mix cost allocative average
change (%) change (%) change (%) change (%) change (%) overall 
efficiency
abadgaran 0.00 0.00 0.00 44.50 44.50 7.30
toseh Sakhteman 0.00 3.73 0.00 0.00 0.00 0.90
nosazi va Sakhteman –38.41 –15.04 –33.15 –20.73 28.82 –5.67
omran fars 0.00 0.00 0.00 –21.52 –21.52 –2.82
Sakht azhand 0.00 –40.90 0.00 0.00 0.00 –2.70
Sakhteman Isfahan –18.23 –31.32 –13.67 0.00 22.32 –2.81
Sar Samangostar 
Isfahan
5.24 2.11 11.39 13.91 8.37 3.64
Sar azarbayaejan 0.00 –4.70 0.00 0.00 0.00 0.25
Sar toosgostar 135.85 2.25 227.87 526.57 165.88 81.84
Sar Maskan 29.20 0.00 59.74 68.63 30.55 15.01
Shahed 0.00 0.00 0.00 0.00 0.00 0.62
Sar Sakhteman 0.00 0.00 0.00 237.34 237.34 36.98
average changes 9.47 –6.99 21.02 70.73 43.02 –
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The findings above provided several impor-
tant insights to managers and potential inves-
tors. from the economical context, the results 
showed that most of the real estate and con-
struction companies are experiencing disecono-
mies of scale (from the decreasing results in 
scale efficiency). The decrease of 6.99% in scale 
efficiency indicated that the companies are not 
optimizing their performance with respect to 
their size of operations. as can be seen from 
the technical efficiency, most companies are 
performing well and there is a positive im-
provement of +9.47% from year 2009 to 2010. 
However, the change is not significantly strong 
enough to commensurate the growing market. 
firms need to increase their market power to 
allow a higher growth in the real estates and 
construction market. from the technical point 
of view, note that scale efficiency is related to 
technical efficiency; if technical efficiency in-
creases, scale efficiency will be inversely af-
fected; hence, to achieve a positive growth ef-
fect in parallel to improvement in operational 
efficiency, firms need to increase their market 
power by increasing their size of operation. 
one way to achieve this is through merger and 
acquisition. Hence, potential investors could 
tap into this opportunity by forming merger 
and acquisition to help the company achieve 
the much needed economies of scale.
While the positive overall change in cost ef-
ficiency and allocative efficiency (of 70.73% and 
43.02% respectively) had indicated that from 
the operational context (recall that we have 
discussed this in detail in section 5), most com-
panies have a good management team reacting 
to the changing market conditions, several in-
sights as well can be inferred from the finan-
cial context. As financial context are more into 
areas of cost, return and risk, we will discuss 
it from the perspective of cost efficiency. Of 
particular concerns are the companies which 
recorded a negative percentage change in cost 
efficiency i.e., Nosazi va Sakhteman and Om-
ran fars. these two companies need further 
concentration to enhance their cost efficien-
cies. for example, instead of covering such 
a wide scope of real estate and construction 
market like residential, retail, industrial and 
office buildings, they should limit down their 
focus on only a few selected areas, i.e., their 
niche areas. By doing so, they can lower their 
operating expenses and limit their debts, and 
subsequently with a lower proportion of debt 
it can help to improve their cost efficiency. In 
addition, these two companies as well as the 
other companies which are performing well in 
cost efficiency should not neglect their capital 
risk. capital soundness though may act as 
their efficiency stimulant, but, it may also pose 
great danger as it will encourage manager to 
pursue riskier projects and be less attentive 
to efficiency. 
The results of efficiency performance of the 
real estate and construction companies in Iran 
not only have provided invaluable insights to 
the managers of the companies (e.g., tell them 
what action and strategy to take to further 
improve performance), the results had also 
benefitted potential investors, policy makers 
and stakeholders. for the potential investors, 
through the results, they had actually gained 
added advantages by knowing the actual per-
formance of the companies prior to business 
engagement. for the policy makers, the results 
can guide them how they can help the compa-
nies to improve performance, e.g., to help the 
company achieve economy of scale, they can 
remove restrictions, control prices, or exert 
timely nudging through policy intervention. 
for the stakeholders of the real estate market 
in Iran, through the efficiency results, one is 
able to gauge the actual performance of the 
companies in Iran; with this, it helps to stamp 
out excessive speculative buying and keep the 
market tied or running not too far from under-
lying fundamentals. 
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7. CONCLUSIONS
this paper contributes to the existing real 
estate and construction literature by present-
ing a comprehensive assessment of efficiencies 
of major companies in Iran using the DEA 
technique. It shows how do the real estate 
and construction companies in Iran perform in 
various efficiency aspects. The results indicate 
that it is rather difficult for one company to 
be both technical and cost efficient. Neverthe-
less, this may not be impossible to achieve if 
the company knows its sources of inefficiencies 
and implements measures to improve the inef-
ficient areas. 
While the DEA application to real estate ef-
ficiency context may not be new, past research-
es had primarily focused within the internal 
operational analysis and in developed mar-
kets. In contrast, our study had discriminated 
against various efficiency sources which fur-
ther connote the overall cost competitiveness 
of the organizations and also focus on underde-
veloped market, i.e., Iran which is a huge po-
tential market for investors. results from our 
analysis reveal that most of the real estate and 
construction companies in Iran are generally 
technical, scale and mix efficient. However, 
they are less cost efficient due to macro-econo-
my effect such as higher cost of production fac-
tors and lower allocative efficiency. Sensitivity 
analysis results indicated that the companies 
are experiencing diseconomies of scale, this 
signifies business opportunities for potential 
investors for forming mergers and acquisitions 
to achieve cost economies. The efficiency re-
sults also help to guide investors, government 
and policy makers to accurately gauge the per-
formance of the companies, further alienating 
excessive speculation in real estate markets. 
future research study can include method-
ological enhancement on the capabilities of ex-
isting DEA models to measure the long-run ef-
ficiency which takes into account the time lag 
of capital investment and include observations 
with fuzzy and missing data. In addition, we 
may also construct a stochastic frontier with 
a disturbance term representing shifts in the 
frontier due to random factors and compare 
the results obtained against those of a deter-
ministic frontier.
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APPENDIX A
according to Martin and roman (2006), no 
one methodology can be prescribed as the best 
option to fully rank DMU and each method 
may be useful in explaining the overall per-
formance. our focus in this paper is to extract 
practical lessons that may be used by manag-
ers or regulators in order to obtain the best 
option to fully rank the DMUs. Hence, virtual 
efficiency is chosen based on three advantages/
reasons: 1) one gets full rank; b) ranking ob-
tained with this method has been consistent; 
c) results are more robust. note that b) and c) 
has been justified by Martin and Roman (2006) 
and the authors had further iterated that the 
virtual efficiency technique can be applied in 
future without apology. In this paper, we in-
vestigated the validity of the results by finding 
the correlation between virtual efficiency and 
other full ranking methods. table a.1 shows 
the Pearson correlations statistics of the scores 
between different techniques of full ranking 
i.e., cross efficiency, super efficiency, virtual 
efficiency and the traditional DEA model.
on the basis of comparison with the tradi-
tional model, note that the p-value shows that 
there is a statistical difference between the 
cross efficiency and super efficiency with the 
traditional model. this means that the aver-
age values of efficiency scores are not the same 
for both techniques compared to the tradition-
al way; the null hypotheses i.e. Ho: m1=m2 has 
to be rejected at level of significance α = 0.001 
and α = 0.05 for cross and super efficiency re-
spectively. In contrast, the p-value of virtual 
efficiency (=0.141) showed that the null hy-
pothesis is accepted, which means there is no 
significant difference between the averages of 
the virtual efficiency with the traditional way. 
another interesting point to highlight also is 
that, the statistical validity of virtual efficiency 
is maintained whereby, the p-value of (=0.486) 
and (=0.719) with cross efficiency and super 
efficiency, indicated that the averages scores 
between these techniques are equivalent. this 
signifies that the results produced by the vir-
tual efficiency technique are quite stable and 
robust. overall, the results show that there is 
a relationship between virtual efficiency and 
the traditional model. Hence, the results ob-
tained through the virtual method can be con-
sidered robust and valid.
Table A.1. Pearson correlation statistics of ranking methods
Cross efficiency Super efficiency Virtual efficiency
Super efficiency 0.004
Virtual efficiency 0.486 0.719
traditional 0.000 0.021 0.141
